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Elemental mapping with high spatial resolution can be achieved by processing sequences of energy filtered images, recorded at energy losses below and above the ionization edges of the involved elements. 1Wo instrumental configurations are used to provide energy filtered images: a) the conventional electron microscope equipped with a filter (generally of the Castaing-Henry type [1] introduced in the column); b) the scanning transmission electron microscope, in which case the filtered image is sequentially recorded by scanning a focused beam over the specimen and by detecting the energy loss electrons of interest through a selection slit at the exit plane of a magnetic analyser (the EELS spectrometer) -see [2, 3] for a general description. This mode has been used for the present study.
In an EELS spectrum, the characteristic signal due to a core level excitation is superimposed over a non-characteristic background. Hence a single energy filtered image does not constitute a useful map of the spatial distribution of the chemical element. As proposed by Jeanguillaume et al. [4] , it is essential to record a sequence of energy filtered images and to extrapolate, for each pixel, the information contained in the energy channels before the edge. One can then discriminate the characteristic signal from the background in the intensity measured for an energy loss above the edge. The useful methodology has been developed by different authors: for instance, Bonnet et al. [5] have discussed several pertinent aspects of background modelization and proposed simple routes with standard smoothing procedures in order to improve the signal to noise ratio in elemental maps.
As a matter of fact, one major limitation when pushing the technique to its limits, i.e. to the potential identification of atomic clusters (see Mory et Colliex [6] , Mory et aL [7] These involve an optimal linear filter often called a Wiener filter [8] in the literature on signal or image processing [9] . The originality of our approach resides in the following points: generalization to multivariate images, applicability to non stationary data, and implementation of coherent multivariate variogram models, which are not chosen a priori but are estimated from the images.
In parallel to this work, Uebbia et al. [10] have followed another approach, the factorial analysis of correspondence, for processing the same series of original data.
EELS instrumentation for data acquisition.
The experiments have been made with a dedicated STEM (Vacuum Generators HB 501) delivering on the specimen entrance surface 100 kV incident electrons within a probe of nominal diameter -0.5 nm. As shown in figure 1 [14] , is required to avoid to disturb the variograms by the occurrence of large extreme values. Consequently, the range of intensity for the BF 131 image is reduced from (67-229) to (81-161). The other images have been masked in a similar way and the global mask has been selected as the union of all these masks. 4 . Linear optimal filtering from geostatistical models.
The occurrence of noise in images requires the use of statistical models and methods to improve the observed signal. In this section we briefly introduce the geostatistical technique used to estimate the underlying data from the observed images. In particular we emphasize the optimal linear filtering of the data, namely the kriging procedure developed for estimating unknown or noisy data [12, 13] . In our case, multivariate filters are developed following the methodology proposed for microprobe images [14] .
Consider that the data consist of N images (variables) Zi (x) obtained at pixels All the structures were almost similar, with a cubic and spherical models. Only the first group has a long cubic structure and also the range of the first structure is higher than the others. In groups 2 and 3, the first range is around 10 pixels. For the group 1, the filter is designed using the cokriging method whereas for the other groups a single variable is used. The filtered images are shown together with the raw images to see how the filtering effect enhances the signal content. The image BF112 is on the uranium edge and hence one can clearly see some of the clusters in the filtered image. The group 1 images were used to estimate the background and hence do not contain any clusters.
The characteristic image and its results are shown in figure 7 . Figure 7a shows the characteristic image constructed directly from the original BF images. The image (Fig. 7b) is the filtered image for figure 7a. At last the image (Fig. 7c) The experimental simple and cross variograms are calculated for the masked images (Fig. 6) .
The model is similar to the model of uranium. Unlike in uranium, here the long structure was not present in the model. One structure is cubic which is continuous at the origin with a range of 11 figure 5c , with a highest discontinuity at the origin, due to the residual noise in the filtered image. 
